Introduction
Magnesium is the lightest structural metal and exhibits a high density-to-strength ratio, but due its poor cold formability, commercial applications are limited. Already in the 1950s it was shown by Couling et al. [1] that the cold formability of magnesium can be significantly increased by adding rare earth elements (Misch-metal) in the dilute level. He reported the formation of shear bands at 30-35° to the rolling direction and explained the reported "unlimited rollability" in terms of these defects, which were suggested to act as softening regions and by this providing a lower strength and a higher room temperature ductility. Since this time numerous research studies on understanding the mechanisms of shear band formation and the increased ductility of Mg-RE alloys were performed, but until now the reason for this effect remain unclear [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] . In a recent study, the present authors showed that the ductility improvement in Mg-Y alloys is related to higher activities of dislocation slip, {10-11} <10-12> contraction and secondary twinning, also referred to as {10-11} {10-12} double twin [12] . It is assumed that these secondary twins trigger shear band formation [12] .
Materials and experimental procedures
Cold rolling of pure Mg and Mg 3 wt-% Y was carried out on a laboratory mill with a roll diameter of 100 mm and a rolling speed of 20 rpm. The thickness reduction per pass was controlled not to exceed 4% (φ < 0.05). Samples for electron backscatter diffraction (EBSD) were prepared by sectioning and polishing the longitudinal ND-RD plane of the cold rolled material (ND: normal direction, RD: rolling direction). Mechanical grinding was followed by 1 µm diamond polishing. Samples were then electro-polished, by using the commercial electrolyte AC2 cooled to 5°C, applying a voltage of 50 V for 90 seconds. For transmission electron microscopy discs with a diameter of 3 mm parallel to the ND plane were prepared by spark erosion. The discs were mechanically grinded to 120 µm thickness and afterwards thinned by electro-polishing using an electrolyte of 3 vol.-% perchloric acid in absolute ethanol. EBSD measurements were performed on a FIB crossbeam 1540XB (Zeiss) field emission type scanning electron microscope with an acceleration voltage of 15 kV. The TEM used for the presented observations was a Philips CM 20 with a LaB6 cathode operated at an acceleration voltage of 200 kV.
Experimental results
While pure magnesium starts fracturing at the edges after 10 % thickness reduction, the Mg 3 wt-% Y alloy can be cold rolled up to a thickness reduction of 40 -50 % before fracturing starts.
The microstructures after 10 % thickness reduction of pure Mg (a) and With increasing deformation the amount of local deformation bands and the strain inside them increases until most of the grains exhibit local deformation bands in Mg 3 wt-% Y (Figure 2 ). At the same time the interior of the grains exhibit a significantly higher homogeneously distributed strain as compared to the interior of the grains in pure Mg at the same strain level (10 % thickness reduction for pure Mg and 40 % for Mg 3 wt-% Y exhibit the same strain level [12] ). Couling et al [1] and others assumed that shear bands in Mg-RE alloys form by double twinning, but until recently no experimental evidence was found [13] . In the present study high resolution orientation microscopy by TEM on 10.6 % cold rolled Mg-3Y was performed, Figure 3 
Discussion
It has been shown by TEM and by EBSD observations (see [12] for details) that in both alloys, pure Mg and Mg-Y, shear bands occur in conjunction with contraction and secondary twins. Further, it has been shown that room temperature deformation in pure Mg is limited to mainly basal <a> slip and tensile twinning, while Mg-Y shows a significantly increased activity of additional deformation modes, i.e. compression twinning, secondary twinning and pyramidal slip of <c+a> dislocations [12] . These facts lead to different shear band formation behavior in the two alloys: In pure Mg the almost exclusive slip leads to high local stress concentrations which are released by the creation of a few contraction-twin related shear bands. In MgY stress concentrations are lower due to additional non-basal slip. At the same time, easier contraction twin formation triggers the creation of more homogeneously distributed shear bands. In contrast to previous studies, where it was proposed that shear bands might be the reason for ductility enhancement in Mg-RE alloys (see e.g. [1] ), our present study suggests that shear bands in Mg and Mg alloys act as failure mechanisms: In pure Mg the highly localized strain in shear bands causes an early exceeding of the critical strain whereas the more homogeneous distribution of strain and shear bands leads to later failure for MgY. From our observations on shear bands in pure Mg and Mg-3Y we propose the following interpretation of shear band formation and growth in Mg and Mg-3Y ( Figure 4 ). Due to sharp basal textures in pure Magnesium, the Schmid factor for basal <a> slip is low under plane strain compression (fig 4(a) ). We assume that the resulting high stress fields locally exceed the activation energy for compression and subsequent secondary twinning, providing a <c> deformation component. These twins are favourable oriented for basal <a> slip leading to a pile-up of dislocations at the twin boundaries (fig 4(b) ). This pile-up causes high stress fields which trigger the formation of further twins (fig 4(c) ). 
Light Metals Technology V
In Mg-3Y the activation of <c+a> dislocation slip, compression and secondary twinning is much easier. Therefore frequent formation of homogeneously distributed local shear bands occurs, where each shear band carries less strain than the shear bands in pure Mg. Ab initio calculations aiming at a quantitative analysis of the underlying atomistic mechanisms and processes are ongoing [14] . Conclusions Y-alloyed Mg shows a significantly increased room temperature ductility compared to pure Mg. In the case of pure Mg strain localization in few shear bands causes early material failure. The observed strain localization is caused by limited deformation mechanisms during room temperature deformation to almost exclusively basal slip and extension twinning. In the Mg-Y alloy the formation of homogeneously distributed local shear bands was observed, which is caused by enhanced activities of further deformation mechanisms including <c+a> slip and contraction and secondary twinning. By this the sensitivity of the material to failure is considerably reduced.
